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The principle underlying a l l determination of ion concentration i s 
that of el e d t r o l y t i c dissociation. This theory states that acids, bases 
and s a l t s i n solution dissociate into the radicals i h i c h form them, and 
each radical assumes a definite charge: hydrogen and the metals being 
positively charged and the hydroxide rad i c a l and acid groups negatively 
charged. I t has been demonstrated by various means that these substances, 
acids, bases and s a l t s , do dissociate i n solution. One of the d:ief 
methods of proof i s the a b i l i t y of such solutions to conduct an e l e c t r i c 
current. The class of compouhds which do not dissociate i n solution of 
water do not affe c t the passage of a current through water. On the other 
hand, the dissociating compounds show a marked conductivity when i n solu-
tion. With increased d i l u t i o n of the electrolyte the conductivity i s de-
creased to a lesser extent than the lowering of concentration which i s con-
sequent to the dilution. These compounds carrying charges and conducting 
a current are thus called e l e c t r o l y t e s . 
Electrometric t i t r a t i o n i s a measurement of the concentration of the 
ions present i n a solution. T i t r a t i o n i s a neutralization process—adding 
an acid to a base or vice-versa u n t i l the stoichiometrical amount of the 
one, zhich w i l l exactly react with the other, has been added. 
Since flow of a current depends upon the establishment of a difference 
of potential between two connected points, the measurement of the ion con-
centration of the solution depends upon t h i s f a c t . "A metal i n contact 
with a solution of i t s ions, as well as an 'unattackable' metal l i k e p l a t -
inum i n contact with a solution of metal ions capable of either giving up 
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electrons t o ~ o r taking up electrons from, the platinum, develops a po-
t e n t i a l which i s a function of the conceatration of the ions i n solution, 
other conditions remaining constant. 
Since, at the end point i n every t i t r a t i o n , there i s a marked change 
of concentration of one of the reacting substances, the potential, which 
depends vq>on the concentration of the ions present, either increases or 
decreases suddenly." ^ 
However, the strength of the current which passes through the solu-
ti o n cannot be measured d i r e c t l y , but must be calculated i n reference to 
some known standard. The most ordinary method for t h i s type of work i s 
to use a Weston, Eppley, or other standard c e l l as the known potential 
and compare with i t the potential difference measured acrods the solution 
of unknown strength. For t h i s purpose two reference electrodes must be 
used. Those used i n these experiments were a normal calomel electrode, 
or half c e l l , and a hydrogen electrode. The procedure i s as follows: 
molecular hydrogen {H2) i s passed into the electrode vessel^passing over 
the Pt electrode. When the electrode i s functioning, the platinum black 
activates the molecular H2 passing over i t and changes the gas from the 
molecular state H2° to the ionic condition 2H*. I n so doing the hydrogen 
loses an electron from each atom. At the same time there i s a reaction 
occuring i n the calomel electrode where there i s a difference of solution 
pressure between Hg, Hgg Clg i n IN.KDl, and as the electrons are set free 
at the Hydrogen electrode they t r a v e l to the calomel electrode idiere they 
are taken up by the mercurous chloride which reacts as follows: 
Hgg Clg + 2e- — > Hg + HgClg 
1. Popoff, S. "Quantitative Analysis". 2nd Ed. p. 437. 
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The hydrogen electrode i s d i r e c t l y i n contact with the solution zhose 
potential i s to he measured, and the calomel h a l f - c e l l i s i n contact 
by means of a column of IN.KCl solution i n a tube with a c a p i l l a r y end, 
immersed i n the solution of unknown strength. 
I n these t i t r a t i o n s the unknown potential was compared with a stan-
dard cadmium sulphate-mercury c e l l of the Eppley laboratories, having an 
E. M. F. of 1.0893. 
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I s i n ihe diagram A,the standard and unknown c e l l were brou^t i n 
the c i r c u i t by means of a double throw switch. The potentiometer was 
set to correspond to the voltage of the standard c e l l , 1.0893, then the 
resistance was adjusted so that there was no deflection of the galvanometer 
idien the c i r c u i t was closed. To determine the E. M. F. of the solution 
to he t i t r a t e d the switch was reversed to bring the solution into c i r c u i t , 
and the potentiometer d i a l s set so that the galvanometer registered sero 
when contact was made with the tapping key. Then by combining the readings 
of the two di a l s of the potentiometer, the E. M. F. may be read off d i r e c t l y 
for the following reason: when the resistance was so adjusted to the standard 
c e l l that no current deflected the galvanometer, the t o t a l resistance includ-
ing that of the protective rheostat and the resistance box was 1089 ohms, 
since the E. M. F. of the standard c e l l was also 1.089 v o l t s , each ohm cor-
responds to an E. M. F. of 1 m i l l i v o l t . Consequently, not changing the r e -
sistance box setting, and adjusting only the potentiometer resistance, the 
variable £. M. F. may be d i r e c t l y read. 
The apparatus used i n the experiments was thoroughly cleaned i n chromic 
acid solution, and washed and then rinsed with d i s t i l l e d water. 
The mercury used i n the calomel electrode was prepared by purifying 
i t as follows. The mercury was slowly passed through a solution of dilute 
n i t r i c acid, emerging from a pin-hole i n a f i l t e r cone i n the form of a 
fin e spray. This metal slowly settled through the acid and collected i n 
the bottom of the tube liiere i t passed over an attached S shaped siphon 
into d i s t i l l e d water. The pu r i f i e d mercury was thus freed from traces 
of other metals, f f t e r being washed with d i s t i l l e d water to r«iove acid, 
the Hg. was washed with KCl solution of the strength to be used i n the 
calomel electrode. 
The calomel paste was prepared by adding HCl cone, to a concentrated 
solution of mercurous n i t r a t e . The mercurous chloride slowly settled out 
i n f i n e needle-like c r y s t a l s , however i n the presence of excess of acid, 
when the beaker of solution was put under the automatic s t i r r e r to break 
up lumps, the mercurous chloride was slowly converted to mercuric chloride 
end slowly dissolved* This was reconverted to mercurous chloride by adding 
about twenty grams of metallic mercury and heating on the steam bath with 
frequent s t i r r i n g . With the excess metal present the f i n a l precipitate 
formed a fine mixture of metallic mercury and calomel. This was washed 
with d i s t i l l e d water and f i l t e r e d by suction i n a Bttchner funziel. I t was 
then transferred to a beaker and enou^i d i s t i l l e d water added to cover i t . 
The potassium chloride was pmrified by r e c r y s t a l l i z a t i o n from d i s t i l -
led water. Since 74.55 g. are needed for one l i t e r of 1 Normal SCI, 350 
grams of EDI were used to begin the p u r i f i c a t i o n , and r e c r y s t a l l i s i n g the 
material three times, a y i e l d of approximately 170 grams was obtained. 
To prepare the calomel electrode for use: a layer of purified mer-
cury was placed i n the bottom about three-fourths of an inch i n depth, 
over t h i s was placed an inch l i y e r of calomel-mercury paste, then the c e l l 
was f i l l e d with 1 Normal ECl solution saturated with calomel. To make con-
tact with the c i r c u i t the side arm of the electrode was f i l l e d with mercury. 
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The hydrogen electrode was prepared for use by depositing f i n e l y 
divided platinum with e l e c t r o l y t i c apparatus from a 2% solution of p l a t -
inum chloride. The tube of the electrode was f i l l e d with mercury and a t -
tached to the cathode by means of a copper wire, and the solution was eon̂ -
nected with the anode. The attachment was reversed frequently u n t i l a 
coat of Pt. black s u f f i c i e n t l y heavy to cover the sheen of the sheet p l a t -
inum was obtained. The electrode was washed with d i s t i l l e d water and kept 
immersed i n a RCl solution u n t i l used. The hydrogen electrode must not 
be allowed to become dry. 
The f i r s t experiment performed was the t i t r a t i o n of hydrochloric 
acid with sodium hydroxide, both solutions being one-tenth normstl. Phenol-
phthalein was added to check the end point of the indicator against the 
true neutralization point as indicated by the change i n 1. 11. F. 
The second group of experiments was the t i t r a t i o n of a weighed amount 
of standard sodium carbonate of a factor purity of 99.828^. 
The t h i r d group of experiments with the hydrogen electrode was con-
cerned with the t i t r a t i o n of Hohr's s a l t , ferrous aimnonium sulphate 6 HgO, 
with standardized potassium permanganate solution, i n acid medium (HgSO^). 
Further work involved the quinhydrone (CgH^.Og'CeH^* (OHlg) electrode. 
This i s used i n solutions where the pH i s less than 7, that i s , i n acid 
solutions. Quinhydrone i n solution reversibly dissociates to quinone and 
hydroquinone. I n such an acid solution of quinhydrone a platinum electrode 
w i l l show a potential difference, which may be calculated by the equation 
Ejj • Ejj. — 0.000,198 T pH. 
Eji i s the potential difference exhibited by the quinhydrone electrode when 
r: c 
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referred to the normal hydrogen electrode as a standard. 
i s a constant for the quinhydrone electrode, established by using 
a solution of known pH and measnring the potential difference between a 
quinhydrone electrode i n the solution, and a hydrogen electrode i n the 
same solution, i n the absence of quinhydrone. For a temperature of 25°C 
Ejc = .699. 
T i n the equation i s e:q>res3ed as absolute, 273-«-°C. The quinhydrone 
was prepared by dissolving 100 g. of f e r r i c amnonium alum i n 300 cc. of 
water at 65°C, and slowly, with s t i r r i n g , adding i t to a solution of hydro-
quinone, 25 grams i n 300 cc. of water, ^ e solution i s cooled i n i c e , and 
the f i n e green c r y s t a l s are f i l t e r e d with suction, washed three times with 
cold d i s t i l l e d water and r e c r y s t a l l i z e d once from alcohol. 
The quinhydrone electrode i s formed by adding a l i t t l e quinhydrone 
to the acid solution under examination and a platinum (blank) electrode 
inserted. The ordinary calomel electrode i s then connected with the solu-
tion. 
The graphs shown for the experiments are self-explanatory, showing 
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